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Coral Communities as indicators 
of Ecosystem-Levei Impacts of 
the Deepwater Horizon Spiii
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The Macondo oil spill released massive quantities o f oil and gas fro m  a depth o f  1500 meters. A lthough a buoyant p lum e carried released 
hydrocarbons to the sea surface, as much as ha lf stayed in the water column and much o f that in the deep sea. A fter  the hydrocarbons reached 
the surface, weathering processes, burning, and the use o f  a dispersant caused hydrocarbon-rich marine snow to sink into the deep sea. A s a 
result, this spill had a greater potential to affect deep-sea communities than had any previous spill. Here, we review the literature on impacts on 
deep-sea communities from  the Macondo blowout and provide additional data on sediment hydrocarbon loads and  the impacts on sediment 
infauna in areas with coral communities around the Macondo well. W e review the literature on the genetic connectivity o f  deep-sea species in 
the G ulf o f  M exico and discuss the potential fo r  wider effects on deep G ulf coral communities.
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The Deepwater Horizon (DWH) rig blowout at the
M acondo  well site resulted  in  an oil spiU th a t w as fu n ­

dam en ta lly  different from  any prev ious oil spUl, because an 
es tim ated  4.9 m illion  barrels o f  oil and  gas w ere released 
over a p e rio d  o f  87 days from  a dep th  o f  nearly  1500 m eters 
(m ; Peterson et al. 2012, R eddy et al. 2012, and th e  references 
there in ). T he h igh -tem pera tu re  m ix tu re  o f  oil an d  gas was 
in jec ted  in to  cold  seaw ater at h igh  am bien t pressure. The 
physical processes associated w ith  th e  cond itions o f  the 
release coup led  w ith  th e  use o f a d ispersan t at dep th  led  to  
th e  p ro d u c tio n  o f  microdroplets, em ulsions an d  dissolved 
oil and  d ispersan t co m ponen ts (Ryerson et al. 2012 and  the 
references there in ). A lthough  buoyant droplets o f oil and  gas 
ro se  to  th e  sea surface, it is estim ated  th a t as m u ch  as h a lf  
o f  all th e  released hydrocarbons stayed in th e  w ater colum n 
(FISG 2010, Socolofsky et al. 2011). The existence o f  a pe tro - 
leu m -h y d ro carb o n -en rich ed  deep-sea p lum e w as rep o rted  
by  several research  team s at dep ths rang ing  fro m  800 to  
1200 m  (R eddy e t al. 2012), an d  m odeling  studies indicate 
th a t  th e re  m ay have been m ultip le p lum es fo rm ed  in  d iffer­
en t density  layers (N orth  et al. 2011, Spier et al. 2013). After 
th e  oil reached th e  sea surface, n a tu ra l w eathering  processes, 
b u rn in g , a nd  th e  use o f  additional aerially applied  d ispersan t 
resu lted  in  fu rth e r  en tra in m en t o f  oil in to  th e  w ater colum n 
a n d  its subsequen t sink ing  (Passow  et al. 2012, R eddy e t al.
2012). T h is deposition  o f  oil on to  th e  seafloor com bined

w ith  th e  release o f  oil an d  d ispersan ts at dep th  p o se d  a h igh  
risk to  deep-sea ecosystem s.

T he seafloor in  th e  G u lf o f M exico (G O M ) is d o m i­
n ated  by soft sedim ents con ta in ing  diverse com m unities 
of m eio- an d  m acrofauna. In places w here h a rd  bo ttom s 
occur, corals, includ ing  h a rd  corals (Scleractinia), soft corals 
(O ctocorallia), an d  b lack corals (A ntipatharia), often colo­
nize th is substrate and  fo rm  th e  found a tio n  o f  an associated 
diverse ecosystem . Here, we review  w hat is k now n  about th e  
effects o f  th e  M acondo  oil spiU on  coral an d  soft-sed im ent 
ecosystem s in the G O M  below  a d ep th  o f  400 m.

The Impact of the Macondo blowout on deep-sea 
coral communities
Against th e  background o f  a sedim ented  deep-sea floor, cu r­
rent and  historical natu ral oil seepage has contributed  to  the 
form ation  of thousands o f discrete areas in  w hich carbonates 
are exposed in th e  deep G O M  (Fisher et al. 2007, Roberts 
et al. 2010). D ata collected from  surface ships, including 
h igh-resolution bathym etry  and  3-D  seismic reflectivity can 
indicate likely areas o f exposed h a rd  g round  on th e  deep-sea 
floor (Roberfs ef al. 2010). O n  fhe basis o f fhe inferprefa- 
tion  o f  reflectivity in  3-D seismic data sets, the Bureau o f  
O cean E nergy M anagem ent (BOEM ) has estim ated  tha t 
there are over 22,000 discrete areas w ith carbonate deposits 
w ithin the top  8 m  of the seafloor in fhe n o rth e rn  G O M
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Figure 1. Paramuriceid coral imaged in November 2010 a t M C294 with 
live branch tips, attached floe, and brittle star ('Asteroschema clavigerumj. 
Reprinted with permission from  White and colleagues (2012a).

(http://io.aibs.org/hoem). However, th is data set does no t 
discrim inate betw een buried  carbonates and  those exposed 
on the seafloor. Visual exam ination is required  to  confirm  
th e  presence o f  exposed h a rd  g round  and  o f  any associated 
biological com m unities. As a result, o u r  direct know ledge o f 
th e  occurrence, com position, and  d istribution  o f  coral com - 
m uiuties in  the deep G O M  is quite lim ited, a lthough recently 
developed predictive m odels m ay im prove ou r ability to  locate 
coral com m unities in  th e  deep G ulf (G eorgian et al. 2014).

In late 2010, as p art o f  a deliberate effort to  locate a coral 
com m unity  in  th e  vicinity o f th e  spiU site, a coral com m unity  
w as discovered in BOEM  lease block M C294, 13 kilom eters 
(km ) to  th e  southw est o f  th e  M acondo w ellhead (W hite et al. 
2012a). It w as apparent th a t th is com m unity  was different from  
any other deep-sea coral com m unity  th a t h ad  been previously

visited in th e  Gulf, in th a t over h a lf o f the 
corals were partia lly  covered by a brow n 
flocculent m aterial (floe), and  m any  colo­
nies exhibited additional signs o f  stress, 
including tissue loss and  excess m ucus 
production . Evidence th a t th e  floe deposi­
tion  and  exliibition o f  stress h ad  occurred  
quite recently  included  th e  observation of 
th e  com m ensal Asteroschema clavigerum  
ophiuroids, a com m on  occurrence on liv­
ing  param urice id  corals, stiU clinging to  
corals that, in  som e cases, were com pletely 
covered in  th is Hoc and  were dead  o r dying 
(figure 1; W hite  et al. 2012a, 2012b). 
Sam ples o f  th e  Hoc w ere also show n 
to  con tain  w eathered  oil w ith  polycy- 
clic arom atic hydrocarbons (PAHs) and  
hopanoid  b iom arker ratios consistent w ith 
M acondo wcU oil (W hite et al. 2012a). 
T hese data  coup led  w ith th e  location, 
depth , and  tim ing  o f  the occurrence and  

th e  discovery o f  this adverse im pact im plicated th e  M acondo 
blow out as the likely causative factor in  th e  dam age to  the 
deep-sea corals at M C294. A  sim ple calculation based on the 
age o f the corals (m ean [M] = 507 years, standard  deviation 
[SD] = 58; P routy  et al. 2014) an d  th e  lack o f  any sim ilar 
evidence o f  im pacts at 20 o ther deepw ater coral sites in  o ther 
p arts  o f  the G O M  investigated in th e  sam e tim e fram e after 
th e  spfll yielded a probability  o f  th e  adverse im pact on corals 
happen ing  coincidently at th is tim e and  place o f approxi­
m ately .0001 (W hite et al. 2012b).

In a foUow-up study, H sing and  colleagues (2013) tracked 
changes in  th e  condition  o f individual corals from  th e  M C294 
site, using  h igh-resolu tion  im ages obtained during  five vis­
its to  th is site over 16 m on ths (figure 2). A  reduction  in the 
average level o f apparent im pact over th is tim e p eriod  was
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Figure 2. Progression o f the im pact on a  Paramuricea biscaya colony a t M C294 between November 2010 and March 2012. 
M ost o f  the adherantfloc present in 2010 had fallen o ff by March 2011. The patchy hy droid growth fir s t  apparent in March 
2011 is extensive by October 2011 and continues through March 2012, when terminal branch loss becomes apparent. 
Reprinted with permission from  Hsing and colleagues (2013).
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Figure 3. Paramuricea biscaya colony in November 2012 a t M C297 with the 
patchy hy droid covering characteristic o f corals affected by the Macondo spill. 
Photographs: Charles R. Fisher.

fo u n d  and  aUribuLed Lo a decrease in the surface area o f  cor­
als covered by floe, fu rth erm o re , colonies obsen^ed w ith  low 
levels o f  floe on th e ir  surface in 2010 (less th an  20% coverage) 
w ere likely to  exhibit apparently  com plete recovery o f  the 
floc-covered b ranches by M arch 2012. However, th e  degree of 
in itial visible im pact was significantly correlated  w ith  lasting 
dam age and  secondary colonization by hydroids by M arch 
2012. These data indicate th a t th e  effect on th e  coral colony is 
cum ulative and  n o t a simple reflection o f the response o f  in d i­
vidual polyps or branches to  the e.xposure (H sing et al. 2013).

H sing an d  colleagues (2013) also fo im d th a t th e  im pact 
a n d  subsequen t response w ere patchy  on several spatial 
scales. N o t only  w as th e  level o f  visually apparen t im pact 
on  adjacent corals often very  different bu t so, too , w as the 
im p ac t w ith in  a coral colony. As a result, hyd ro ids exh ib­
ited  a patchy  d istribu tion  on m oderately  affected corals by 
M arch  2012, w ith  apparently  healthy  branches in term ing led  
w ith  th e  dead  p o rtio n s o f  b ranches heavily  co lon ized  by 
hydroids. T he appearance o f  these corals w as very  d istinctive 
(figure 3) and  p roved  to  be a pow erfu l d iagnostic too l for 
recognizing  o ther corals affected in a sim ilar w ay a n d  du ring  
a sim ilar p e r io d  b u t n o t discovered un til after the original 
floe on th e  corals w as no  longer present.

To d eterm ine  w h eth er there  w ere additional coral co m ­
m unities in th e  vicin ity  o f  th e  M acondo  w ellhead, tw o 
cru ises u sing  tow ed  cam eras and  au tonom ous underw ate r 
vehicles w ere used  to  explore th e  seafloor. T hese surveys 
resu lted  in th e  identifica tion  o f  five previously unk n o w n  
d iscrete sites hosting  colonial corals w ith in  30 k m  o f the 
M acondo  w ellhead ( f ish e r  et al. 2014). T he corals at each 
new ly discovered site w ere th en  surveyed u sing  a rem otely 
o p era ted  vehicle (ROV) for evidence o f  recen t deleterious 
im pact.

Two new ly d iscovered com m unities, 
one (M C297) located  6 k m  sou th  o f  th e  
M acondo  w ellhead  an d  13 k m  from  th e  
site in  M C 294 an d  an o th e r (M C344) 
22 k m  sou theast o f  th e  M acondo  w ell­
head , w ere d e te rm in e d  to  h o st coral 
com m unities th a t h a d  also been affected 
by th e  spill. A t th e  M C 297 site, a to tal 
o f  69 o c to co ra l colonies p re sen t in 
tw o localized  areas an d  separa ted  by 
approxim ately 370 m  w ere im aged. O f  
the 69 colonies im aged, 47 exh ibited  th e  
characteristic  p a tchy  hydro id  coloniza­
tion  p a tte rn  on at least 5% o f th e  colony, 
and  tw o  others h ad  n o  living tissue. The 
death o f  these tw o  corals was a ttribu ted  
to  th e  M acondo  blow out, because th ey  
had  died recen tly  enough  to  still retain  
sm all dead  b ranches. T he n u m b er o f  
colonies affected in  th e  coral co m m u n i­
ties at M C 294 a n d  M C297 w ere sim ilar 
(72% and  68%, respectively), although  
16% o f th e  corals at M C297 show ed signs 

of im pact on over 50% o f th e  colony, com pared  w ith  8% in 
th is cond ition  at M C 294 at th is p o in t in  tim e (Fisher et al. 
2014). The coral co m m unity  in M C 344 at a dep th  o f  1875 m  
exh ibited  a sm aller bu t notable  level o f  im pact th a t w as stiU 
apparen t in  O cto b er 2011. A t th is site, 23% o f th e  30 corals 
im aged  show ed evidence o f  im pact on m ore th an  5% o f th e ir  
colony, b u t none show ed an im pact on  over 50% o f th e  co l­
ony. T h is site is notab le  because o f  th e  distance from  th e  spill 
and  th e  fact th a t it is even fa rth er below  th e  dep ths at w hich  
deepw ater h yd rocarbon  p lum es th a t fo rm ed  d u ring  th e  spiU 
w ere rep o rted  (R eddy e t al. 2012 an d  th e  references therein ).

S edim ent cores can reveal th e  h is to ry  o f  oil co n tam in a­
tion  at a site an d  can help  d istingu ish  recen t deposition  
from  ongoing natu ra l oil seepage, w hich  w ou ld  resu lt in 
relatively elevated oil levels th ro u g h o u t th e  top  10 cen tim e­
ters (cm ) o f  a core, w hereas recen t deposition  o f  oil w ould  
result in h ig h er oil concen tra tions in  th e  u p p er 1 cm  relative 
to  th e  deeper strata. Som ew hat elevated  oil concen tra tions 
in  sed im ents are expected  in  p rox im ity  to  deepw ater coral 
com m unities, because th e  carbonates on w hich  corals are 
no rm ally  found  in  th e  deep G O M  (Fisher et al. 2007, C ordes 
et al. 2008) fo rm  in  areas w ith cu rre n t o r h isto rical seepage 
(R oberts et al., 2010). In  fact, m o st sed im ents collected  in  th e  
deep G O M  contain  som e oil, w h ich  reflects basin -w ide and  
atm ospheric  inp u ts  (e.g., Sassen et al. 1994).

O il con ten t w as exam ined  in sed im ents collected  at 
10 sites associated  w ith  deepw a te r coral co m m u n ities  
located  betw een 6 and  194 k m  fro m  th e  M acondo  w ellhead 
(figure 4). T he top  0 -1  cm  an d  5 -1 0  cm  sections o f  th e  sedi­
m ent cores w ere analyzed for th e  to ta l am o u n t o f  sa tu ra ted  
hydrocarbons and  PAHs by A lpha A nalytical Laboratories, 
and  th e  data  are available at www.gulfspillrestoration.noaa. 
gov/oil-spiU/gulf-spill-data  (for de ta iled  m ethods, see th e
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Figure 4. The region around the Macondo well, showing bathymetry; the 
coral sites investigated fo r  recent impact; and the interpolated area o f impact 
on sediment infauna reported by Montagna and colleagues (2013). The 
interpolation was based on a principal components analysis (PCA) o f several 
correlated biological and chemical variables, including polycyclic aromatic 
hydrocarbon concentrations and the composition o f the sediment communities. 
Source: Adapted from  Montagna and colleagues (2013).

supplem enta l m aterial). M ost cores from  sites less th an  
30 km  from  the M acondo  w ellhead, inc lud ing  cores from  
M C 294, M C 297, an d  M C203 and  th e  core tak en  from  
M C 344 in 2010, h a d  significantly  h igher levels o f  to ta l sa tu ­
ra ted  h ydrocarbons and  PAHs in  th e  surface sedim ents th an  
deeper in  th e  cores (figure 5). T he concen tra tions o f  h y d ro ­
carbons in th e  surface frac tions w ere an o rder o f  m agn itude  
h ig h e r th an  those  in the deeper frac tions fo r all o f  these sites 
except M C344. T hese data indicate  recen t deposition  o f  oil 
at h ig h er levels th a n  h a d  occu rred  from  h isto rica l seepage. 
T he average to ta l sa tu ra ted  h y drocarbon  concen tra tions 
w ith in  th e  top  1 cm  w ere m uch  h ig h e r at M C 294 a n d  M C 297 
th an  at any o ther sites, and  th e  concen tra tions in th e  low er 
5 10-cm  sections w ere in  th e  sam e range o r low er th an  
th o se  from  o th er sites (figure 5, supplem enta l tab le SI). The 
PAH concen tra tions in th e  to p  1 cm  o f th e  cores tak en  from  
M C 294 and  M C 297 w ere w ith in  th e  range d o cu m en ted  in 
th e  O p era tional Science Team (OSAT) rep o rt fo r sam ples 
taken  from  w ith in  3 km  o f th e  w ellhead (OSAT 2010) and  in 
th e  h igh -im pac t zone-1 area defined  by M ontagna and  co l­
leagues (2013). These data  provide fu rth e r  d irect evidence 
th a t th e  im pact on th e  corals at M C 294 an d  M C 297 was 
fro m  a recent and  anom alous event th a t deposited  signifi­
can t oH on th e  seafloor over a w ide area.

M C 344 h a d  th e  nex t h ighest to ta l sa tu rated  hydrocarbon  
concen tra tions in  th e  to p  1 cm  o f th e  cores. F isher and

colleagues (2014) concluded  th a t corals 
at th is  site exh ib ited  less-severe bu t n o ta ­
ble v isual evidence o f  an im pact from  th e  
M acondo  blow out, consisten t w ith  the 
elevated surface hydrocarbon  co n cen tra ­
tio n s in  th e  su rro u n d in g  sedim ents. T h is 
site, like the o th e r  M C  sites an d  AT357, 
has active seep areas in  th e  v icin ity  o f  the 
corals, w hich  are reflec ted  in  som etim es- 
elevated levels o f  h y drocarbons in  deeper 
core strata  (figure 5, tab le SI).

AT357 is located  alm ost 200 k m  from  
th e  M acondo  w ellhead  and, because no 
im pact on th e  corals at th is  site w as 
evident, it w as used  as a reference site 
by Fisher and  colleagues (2014). W hen  
hydrocarb o n  data  from  bo th  deep and  
shallow  strata o f th e  cores at th is site 
w ere considered , it was clear th a t the re  
w as ongoing active seepage at AT357, bu t 
th e re  w as no  evidence o f  recen t h y d ro ­
carbon  deposition  to  surface sedim ents. 
Similarly, at M C I 18, th e  relatively h igh  
to ta l sa tu ra ted  h y drocarbon  and  PAH 
concen tra tions in  th e  d eeper s trata  o f  the 
sed im ent cores are consisten t w ith  th e  
very  active seepage at th is w ell-studied  
site (Lapham  et al. 2008), and  sim ilar 
levels in  surface sed im ents suggest little 
new  surface deposition  in  th e  areas we 

sam pled at th is site only 18 k m  to  th e  n o rth  o f  th e  M acondo  
w ellhead.

The impact of the Macondo blowout on 
soft-sediment communities
M ost o f th e  deep-sea f loor is covered by soft sedim ent, w hich  
h a rb o rs  a highly  diverse fauna (H essler an d  Sanders 1967, 
Rex and  E tter 2010) th a t is im p o rta n t to  ecosystem  health  
an d  fu n ction ing  (D anovaro  et al. 2008). B enthic infauna 
are sensitive ind icato rs o f  en v ironm en ta l change to  th e ir  
sed im ent habitat, includ ing  ab rup t im pacts such as oil spills. 
In fauna perfo rm  a suite o f ecological functions, includ ing  
n u tr ie n t cycling and  b io tu rba tion , as well as serv ing  as food  
resources fo r h igher tro p h ic  levels. T he tw o p rim a ry  co m m u ­
nity  groups p resen t in deep-sea sed im ents are operationally  
defined  as th e  m eiofauna  (betw een 45 an d  300 m icrom eters 
[pm ]) an d  m acrofauna (larger th a n  300 pm ). In  add ition  
to  th e  size differences, these faunal groups are dom inated  
by d ifferent phylogenetic taxa. M eiofauna are dom inated  
by nem atodes an d  harp ac tico id  copepods, and  m acrofauna 
are dom inated  by polychaete annelids, peracarid  c ru sta ­
ceans, and  m ollusks. C rustaceans, such as am ph ipods and  
h arp ac tico id  copepods, are p articu larly  sensitive to  oil and  
o th er env ironm en ta l con tam in a tio n  (Raffaelli an d  M ason 
1981, Peterson et al. 1996), and  reductions in th e ir  density  
can be  u sed  as ind icato rs o f  co n tam ination . In  contrast.
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Figure 5. The average total saturated hydrocarbons (SHC) and total polycyclic aromatic hydrocarbon (PAH) concentrations 
(in micrograms per kilogram [yg/kg])from  sediment samples collected in 2010 and 2011 from  the Gulf o f Mexico. The 
top fraction (0-1 centimeter [cm]) and bottom fraction (5-10 cm) o f sediment cores were sampled. The error bars 
represent the positive standard deviation (S.D.). The error bar fo r  MC294 2010 extends to 82,874 fig/kg. Source: A ll data  
were taken from  the National Oceanic and Atmospheric Administration’s Natural Resource Damage Assessment Web site 
(www.gulfspillrestoration.noaa.gov/oil-spill/gulf-spill-dataj.

m o st polychaete and  n em atode species are m ore  to leran t 
o f  oil, and  there  are species w ith  o p portun is tic  life histories 
a n d  feeding strategies th a t allow th em  to  capitalize on the 
organic en rich m en t associated w ith  events such as oil spills. 
T herefore, these taxa have been  fo u n d  Lo increase in  density 
follow ing such events (Peterson e t al. 1996). I'hese varied  
responses typically  resu lt in an overall redu c tio n  in  diversity 
a n d  m edian  b ody  size and  an increase in density  lead ing  to  
a num erical dom inance  o f  o p portun is tic  species w ith  b road  
en v ironm en ta l to lerances (Gage 2001). As a result, th e  ab u n ­
dances o f  h ig h e rtax o n o m ic  groups and  changes in  th e  ab u n ­
dances o f  specific species can be u sed  as robust ind ica to rs o f 
an th ropogen ic  im pacts on th e  deep-sea benthos.

To exam ine th e  foo tp rin t o f  oil deposited  on th e  seafloor 
fro m  th e  M acondo  blow out, an extensive sed im ent-sam pling  
p ro g ram  w as in itia ted  in S ep tem ber 2010 ,2  m o n th s  after the

w ellhead was capped. O f th e  115 sed im en t sam ples collected 
from  th e  deep sea (OSAT 2010), 29% show ed a po ten tia l 
indication  o f  con tam ination  by oU, and  6% exceeded th e  
aquatic life b en ch m ark  values fo r o il-related  com pounds 
(USEPA 2003, 2008) an d  were considered  likely toxic Lo 
aquatic organism s (OSAT 2010). A ll sam ples rep o rted  in 
OSAT (2010) th a t exceeded an aquatic  life bench m ark  ratio  
o f 1 w ere collected  w ith in  3 k m  o f  th e  w ellhead, an d  only 
sedim ents collected  w ith in  3 k m  o f th e  welUiead h a d  oil 
th a t was unam biguously  iden tified  as oil from  th e  D W H  
spill by OSAT in 2010. The to ta l PAH concen tra tions in 
sedim ents sam pled w ith in  th is 3 -km  zone ranged  from  9900 
to  28,000 m icrogram s p e r  k ilogram  [|ag/kg]—considerably  
h igher th an  concen tra tions fo u n d  in  sed im ent cores collected 
before th e  spiU by Rowe and  K ennicu tt (2009; 0 -1030  pg/kg) 
and in  a p r io r  study  o f  th e  relationship  betw een sedim ent
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oil con ten t an d  th e  p rox im ity  to  oil rigs (94-748 pg/kg in 
sam ples taken away from  rigs; CSA 2006).

In  o rder to  assess an d  m ap th e  fo o tp rin t o f  th e  im pact 
on th e  so ft-sed im ent fauna in  th e  deep sea, M on tagna and  
colleagues (2013) sam pled in  a rad ial p a tte rn  at discrete 
distances from  the w ellhead, using  a sed im ent m ulticorer. 
M on tagna and  colleagues (2013) ou tlined  zones o f im pact 
on a scale o f  1 (highest) to  5 (lowest) based  on a p r in c i­
pa l co m ponen ts analysis o f  several corre la ted  biological 
an d  chem ical variables, includ ing  PAH concen tra tions and  
th e  com position  o f  th e  sed im ent com m unities. T he PAH 
concen tra tions in  zone 1 ran g ed  from  459 to  47,600 pg/kg. 
How ever, co n cen tra tio n s o f  PA H s an d  to ta l p e tro leu m  
h y drocarbons in surface sed im ents (0 -3  cm ) w ere patchy  
th ro u g h o u t th e  region. Overall, PAH co n ten t w as nega­
tively corre la ted  w ith  m acrofaunal and  m eiofaunal diversity 
a n d  positively co rre la ted  w ith  n e m a to d e x o p e p o d  ratios 
(M ontagna et a l  2013).

M ontagna and  colleagues (2013) derived an in terpo la ted  
m ap o f  levels o f th e  im pact on deep ben th ic  com m im ities 
from  th e  p rincipal com ponents analysis (figure 4). T hey  esti­
m ated  th e  extent o f  th e  h igh -im pac t area as approxim ately 
24.4 square k ilom eters (km^) and  m o d era te-im pac t areas as 
an additional 148.3 km^. A lthough there  w as a h ig h  density  
o f  sam pling w ith in  3 km  o f th e  w ellhead, fewer soft-sedim ent 
sta tions w ere sam pled beyond 3 km . T hese m aps p resen t a 
rob u st regional view o f th e  im pact on sedim ent com m unities 
from  th e  oil spid, how ever details m ust be in te rp re ted  w ith 
cau tion  in  areas w ith  low er sam pling densities, especially 
because seafloor deposition  o f  oil m ay be quite patchy.

Impact on soft-sediment communities associated 
with corals.
T he M ontagna and  colleagues (2013) m aps w ere based  on 
sam pling  o f  soft sedim ents. However, th e  deposition  o f 
particu la te  m atte r in th e  deep ocean, inc lud ing  substances 
such as low  density  m arine  oiTsnow, will be favored  in  areas 
w here th e re  are depressions and  low  n ea r-b o tto m  cu rren t 
velocities (Nowell an d  Jum ars 1984). C orals, how ever, favor 
areas o f  th e  seafloor w ith  sufficient cu rren ts to  facilitate food 
delivery an d  gas exchange (D orschel et al. 2007, G eorgian 
e t al. 2 0 f4 ), and  therefore, a deepw ater coral co m m unity  
cou ld  be significantly affected by hydrocarbons, d ispersants, 
o r o th er po ten tia l toxicants suspended  o r dissolved in  near- 
boLLom water, in  a h ab ita t tha t is n o t conducive to sed im ent 
d eposition  an d  accum ulation .

A lthough  M ontagna an d  colleagues (2013) analyzed the 
effects o f  th e  spill on th e  background  soft-sed im ent c o m ­
m unities, th e  response o f  in faunal com m unities associated 
w ith  deep-sea coral com m unities w as n o t in c lu d ed  in  th e ir  
analysis. Here, we sum m arize new  data  on coral-associated  
in faunal com m unities from  affected and  unaffec ted  deepw a­
te r  coral sites. Sed im ent cores (6.35 cm  in  diam eter, 10 cm  
deep) w ere collected in  2010 w ith in  lease b lock  M C 294 
adjacent to  coral colonies; th ree  sets o f  cores w ere collected 
n ea r  Paramuricea biscaya co lonies at th e  affected coral site

descrihed  hy W hite  an d  colleagues (2012a) an d  one set near 
a M adrepora oculata colony about 400 m  away (supple­
m en ta l tab les S2a and  S2b). S edim ents n ear P. biscaya at th e  
W hite  an d  colleagues (2012a) site w ere resam pled  in 2011, 
a long w ith  sedim ents n ear corals located  59 k m  (M C507; 
dep th , 1043 m ) and  194 k m  (AT357; dep th , 1048 m ) from  
th e  w ellhead (figure 4). These sites are dom in a ted  by the 
sam e coral genera as M C 294 (D ough ty  e t al. 2014) and, given 
th e ir  d istance from  th e  w ellhead, th e ir  lack o f  visible acute 
dam age from  th e  spUl (Fisher e t al. 2014) an d  th e ir  lack  o f  an 
en rich ed  hydrocarbon  signal in  surface sed im ents (figure 5), 
are used  as reference sites for th e  p u rp o ses o f  in fauna evalu­
ation. Infatm al m acrofauna w ere quan tified  and  iden tified  
at a fam ily level an d  m eiofauna at the o rder level o r lower, 
an d  c o m m unity  m etrics, inc lud ing  diversity, abundance, and  
co m m u n ity  com position , w ere determ ined .

D eep-sea corals alter local flow  patterns, can increase 
available organic m atter, and  p rov ide shelter for a varie ty  o f 
consum ers (Racs an d  Vanrcuscl 2005); all o f these factors can 
influence th e  com position  an d  d iversity  o f sed im ent m acro- 
an d  m eiofauna in  th e  vicin ity  o f  deep-sea corals. We fo u n d  
th a t th e  sed im ent m acrofaunal com m unities associated w ith  
deep-sea corals d iffered from  th o se  in background  sedim ents 
in  several significant ways. In faunal co m m u n ity  structu re  in  
coral-associated  sed im ents at M C 507 an d  AT357, tw o coral 
sites n o t affected by th e  D W H  spill, w as significantly  dif­
feren t from  th a t o f  com m unities fo u n d  in  th e  background  
soft sedim ents o f  sim ilar dep th  ranges (Rowe an d  K ennicutt 
2009, W ei et al. 2010), d e te rm in ed  on th e  basis o f n o n m e t­
ric m u ltid im ensional scaling and  an analysis o f  sim ilarities 
(A N O SIM ) o f  square-roo t tran sfo rm ed  abundance  data  
(A N O SIM  R >  ,99 ,p  < .025; figure 6). Polychaetes dom inated  
all coral hab itats sam pled at M C 294 an d  M C 507 and  rep re ­
sen ted  a h ig h er p ro p o rtio n  o f  th e  co m m u n ity  (70% -95% ) 
th a n  th e  co m m unity  associated w ith  background  soft sedi­
m en ts (50%; figure 7), w hich  co n ta in ed  a h ig h er p ro p o rtio n  
o f  crustaceans an d  o th er taxa. Evenness was generally low er 
bu t w as h igh ly  variable at coral sites close to  th e  w ellhead 
relative to  th e  rest o f  th e  G O M  (Wei et al. 2010). It follows 
th a t th e  level o f taxa dom inance, com m unities character­
ized  by a h igh  abundance o f  few  taxa, w as h ig h e r am ong 
all th e  deep-sea coral com m u n ities  th a n  those  o f  th e  back- 
g ro tm d  soft sed im ents (supplem ental figure S I). A lthough  
m acrofaunal densities w ere h ig h e r n ea r  corals, m eiofaunal 
densities in  coral-associated  sed im ents w'ere significantly 
low er (p < .05) th an  those  fo u n d  in  background  prespill soft 
sed im ents (Baguley et al. 2006, Rowe an d  K ennicu tt 2009) 
an d  w ere n o t significantly d ifferent (p > .05) from  low- 
im pact zones sam pled after the spill (M ontagna e t a l  2013). 
M eiofaunal diversity  and  evenness at aU o f th e  coral hab itats 
in  2011 w ere com parable to  th o se  in  low er-im pact zones 3, 
4, an d  5, sam pled in 2010 (supplem ental tab le S2c; M ontagna 
e t al. 2013). T he n e m a to d e x o p e p o d  ratio  w'as low er at all o f 
th e  sam pled coral sites, except one (M C294-2010), an d  w ere 
sim ilar to  th e  G O M  m ean  (M  = 5.7, SD = 1.8; Baguley e t al. 
2006). A lthough  soft-sed im ent m eiofaunal com m unities in
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Figure 6. Nonmetric multidimensional scaling results o f  macrofaunal assemblages from  stations o f the Deep Gulf o f Mexico 
Benthos Program (DeGOMB; Rowe and Kennicutt 2009, Wei e t al. 2010) and deep-sea coral habitats in 2010 and 2011, based 
on Bray-Curtis similarities o f  square-root transformed abundance data. The illustrative line represents a similarity o f 21 %.
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Figure 7. Percentage o f taxa composition based on the mean macrofaunal densities o f m ajor taxonomic groups from  all 
sites with appropriate data available. Abbreviations: DeGOMB, the Deep Gulf o f Mexico Benthos Program; 2E and 2W, 
DeGOMB-designated zones.
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th e  G O M  are typically  s tru c tu red  by surface productivity , 
w ith  declines in density  w ith  increasing  dep th  (Baguley et al. 
2006), m eiofaunal com m unities associated  w ith  deep-sea 
corals d iffer because o f  localized  accum ulation  o f  organic 
m atte r an d  differences in  sed im ent g ran u lo m etry  (Vanreusel 
e t al. 2010). T his m ay explain w hy coral-associated  sedim ent 
com m unities do n o t appear to  re sp o n d  to  oil con tam ination  
in  th e  sam e w ay as soft-sed im ent com m unities do.

T here was a clear indication o f an im pact from  th e  M acondo 
blow out on the m acrofaunal infauna com m unities at M C294 
w hen tha t site was com pared w ith reference locations at AT357 
and  MC507. The infaunal com m unities at M C294 w ere signifi­
cantly different from  th e  com m unities at MC507 and  AT357 on 
th e  basis o f the AN OSIM  (2011, > .46, p  < .03). T he sedim ent
com m unities at the reference site (AT357) h ad  h igher p ro p o r­
tions o f crustaceans than  the affected site (MC294; figure 7), 
sim ilar to background soft sedim ents at com parable depths 
(e.g., sites in the Deep G ulf o f  Mexico Benthos P rogram ; Rowe 
and  K ennicutt 2009, W ei ct al. 2010). T he sedim ents at MC507 
h a d  a greater p roportion  o f  m ollusks th an  those at MC294. 
H igh variability in  m acrofaunal densities was evident am ong 
Paramuricea habitats sam pled at M C294 (table 2a-2c), which 
is consistent w ith th e  h igh  variance observed in  sedim ent oil 
concentrations. In addition, m acrofaunal diversity at M C294 
site 1 was significantly lower th an  th a t w ith in  Paramuricea 
habitats at AT357 (p = .003).

As was observed for th e  corals, changes in  th e  infaunal 
com m unities w ere observed over tim e follow ing th e  initial 
im pact. Betw een 2010 and  2011, th e  polychaete co m m unity  
do m in an ts  sh ifted  at M C294; th e  p ro p o rtio n  o f  dorvil- 
le id  polychaetes decreased, w hereas p arao n id s increased  
(supplem ental figure S2). O th er polychaete fam ilies tha t 
d om in a ted  in  2010 inc luded  C apitellidae an d  C irratu lidae, 
b o th  o f  w hich  are k n ow n  to  be o p portun istic  taxa  (Pearson 
an d  R osenberg  1978) th a t are often used  as ind icato rs o f  oil 
con tam in a tio n  (Davies e t al. 1984). Representative species in 
th e  fam ily Capitellidae are capable o f  d o m in a tin g  d isturbed, 
o rganically  en riched  sedim ents by exploiting  th e  lack  o f 
com petition  and  by rapid ly  rep roduc ing  (G ray e t al. 1979). 
C erta in  species o f  c irratu lids are able to  to lerate  som e level 
o f  oil con tam ination  bu t are unab le to  rep roduce  in  order 
to  rap id ly  colonize d istu rb ed  hab itats (G ray e t al. 1979). 
P articu la r dorv ille id  species are com m only  fo u n d  in  extrem e 
env ironm ents, inc lud ing  heavily p o llu ted  sed im ents, seeps, 
an d  oxygen m in im u m  zones (Fauchald and  fum ars 1979, 
Levin 2005). In contrast, am p h ip o d  crustaceans th a t are sen ­
sitive to  oil con tam ination  w ere p resen t at m o st sta tions in 
2010 b u t w ere absent in  2011 at M C294. T hese changes are 
consisten t w ith  an in itia l h y d rocarbon  load ing  d u rin g  the 
spUl, w hich  w as follow ed by a subsequen t decrease in  to tal 
organic con ten t over tim e. M acrofaim al densities declined 
at M C 294 in 2011, po ten tia lly  as a function  o f  m ultip le  fac­
tors, includ ing  decreased organic m atte r available for food, 
increased  p redation , and  a delayed response from  th e  im pact 
o f  th e  oil spUl, as w as rep o rted  by Sanders an d  colleagues 
(1980) follow ing an oil spUl off th e  coast o f M assachusetts.

M on ito ring  these fauna over tim e will facilitate ou r u n d e r­
stand ing  o f  th e  tim escales involved for im pact and  recovery.

Tem poral pa tte rn s observed fo r m eiofaim al com m unities 
at th e  affected coral site were sim ilar to  tho se  in  th e  m acro ­
fauna, w ith  a decrease in  overall densities betw een 2010 and  
2011 (table S2b). A  change in the abundance o f nem atodes 
an d  copepods at M C 294 from  2010 to 2011 w as observed, 
w ith  nem atode densities declin ing  and  co p epod  densities 
increasing. This change in  the n em ato d ex o p ep o d  ratio  is 
consistent w ith  previously rep o rted  responses to  h igh  organic 
load ing  (Raffaelli 1987). At one location  in  M C294, m eiofau­
nal densities w ere an o rder o f m agn itude  h igher in  2010 th an  
in  2011, w hich  po tentially  represents rap id  recru itm en t o r 
colonization o f  m eiofaunal ben th o s in response to  oil loading 
o f  th e  sedim ents. A lthough changes in m eiofaunal densities 
an d  com position  betw een 2010 an d  2011 w ere evident, we 
have yet to  see w hat long-te rm  changes m ay o ccur w ith in  th e  
coral-associated sedim ent com m unities.

A  m icroscopic exam ination  o f  sed im ents from  M C 294 
ind ica ted  th e  presence o f  m eiofauna and  sm all unusua l 
partic les th a t h a d  n o t previously been observed  in  deep- 
sea sedim ents (exam ples are show n in figure 8). These 
partic les, w hich  w ere tens o f  m icro n s in  diam eter, w ere 
atypical because o f  th e ir  dark  brow n coloring  an d  th e  p res­
ence o f small, 1 -m m -diam eter orange spheres. Because o f 
th e ir  irregu lar appearance, 20 sam ples inc lud ing  m eiofauna 
(3 nem atodes and  1 gastropod; figure 8a) and  partic les 
(16 total, including  those  show n in  figure 8 b -8 f  and  o ther 
sim ilar particles) w ere iso lated  fro m  sed im ent cores and  
exam ined  for oil u sing  a gas ch rom atograph  coupled  to  a 
flam e ionization  detector. O il w as observed in  all partic les 
as «-alkanes, w ith  a ca rbon  preference inde.x o f  0.95-1.05 
an d  as an unreso lved  com plex m ixture. The p resence o f 
«-alkanes rang ing  from  Ci^ to  C^g, w ith  C 2 1  as th e  m ost 
ab u n d an t n-alkane, is indicative o f  oil th a t is less w ea th ­
e red  th an  oil from  n a tu ra l seepage, w hich  is dep leted  in  
«-alkanes (Sassen et al. 1994). T herefore, it is likely th a t th e  
oil in  th e  m eiofauna and  partic les h a d  been recently  depos­
ited  in th e  sed im ents an d  is from  th e  M acondo well. These 
20 subsam ples h ad  average oil concen tra tions o f 55,600 pg 
p e r  g ram  (g)—three  o rders o f  m agn itude  greater th an  the 
sed im ents from  w hich  th ey  w ere taken  (17.6 m g/g; table SI). 
T he n em atode sam ples h a d  th e  h ighest oil concen tra tions 
(314,000 pg/g), and, a lthough th e  detritu s sam ples h a d  the 
low est (143-20,300 pg/g), these concen tra tions were still 
at least one o rder o f  m agn itude  g rea ter th a n  th e  sed im ent 
from  w hich  th e y  w ere taken . A lthough  th e  am oun ts o f  oil in  
these sm all sam ples w ere to o  low  to  determ ine  th e  source o f 
th e  oil from  b iom arker ratios, it is ev ident th a t in fauna w ere 
exposed  to  sed im ent subfractions w ith  h igh  oil con ten ts 
unlikely to  have been derived fro m  n a tu ra l seepage.

The potential impact on communities outside of the 
acute-impact footprint
A lthough  th e  ev idence for acute im pact is lim ited  to  th e  
sites th a t we cou ld  discover a n d  characterize, it is likely
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t
Figure 8. Microscopic images o f a gastropod containing internal orange 
spheres (a) and unusual particles (h -f) collected from  MC294. Micrographs: 
Erik E. Cordes.

th a t the re  are o th e r  h a rd -g ro u n d  sites th a t w ere exposed  to  
deepw ater p lum es, s ink ing  oil residues from  surface b u rn ­
ing , o r  oil and  d ispe rsan t co n ta in ed  in  m arin e  snow. M ore 
im p o rtan t, th e  studies review ed above only characterize 
th e  visually  obvious an d  acute im pact on th e  corals and  
changes in  in faunal com m unities. T here  are likely to  be 
invisible im pacts, inc lud ing  lon g -te rm , sub le thal im pacts 
to  fauna, e ith e r  directly  on rep roduc tive  tissue or, m ore 
generally, fro m  th e  energetic  cost o f  dealing  w ith  tox ican t 
exposure. T he tox icity  o f  oil an d  d ispersan t to  deep-sea 
corals has been co n firm ed  in  lab o ra to ry  exp erim en ts  w ith  
adu lt colonies. Oil, d ispersan t, an d  o il-d isp e rsa n t m ixtures 
caused  p a r tia l o r to ta l fragm en t m o rta lity  in  tw o octocoral 
a n d  one an tipa tharian  (black coral) species fro m  th e  deep 
G O M  (R uiz-R am os e t al. 2014, Y oung D M  an d  C ordes 
2014). Effective w o u n d  h ea lin g  fro m  p a r tia l m o rta lity  
even ts caused  by oil o r  d ispe rsan t exposure will be  im p o r­
ta n t to  the litness o f  the colonies (Fong an d  L irm an  1995). 
H ow ever, w o u n d  h ealing  a n d  o th er responses to  tox ican t 
exposu re  d ivert energy  fro m  sexual rep ro d u c tio n , p re su m ed  
to  be already low  in deep-sea corals. T he results fro m  w ork 
on  shallow -w ater corals ind icate  th a t oil o r d isp e rsan t exp o ­
su re  causes d irec t d isru p tio n s to  th e  rep roduc tive  cycle, 
ran g in g  fro m  th e  release o f  p rem a tu re  o r less-healthy  larvae 
to  th e  a lteration  o f  larval sw im m ing  and  se ttlem en t behav­
io r  (Epstein et al. 2000, G oodbody-G ring ley  et al. 2013). 
T hese types o f  ch ron ic  adverse effects are n o t im m ediately  
v isible b u t m ay have lo n g -te rm  im pacts on coral c o m m u n i­
ties in th e  deep GOM .

Existing data from  deep-sea organism s 
indicate th a t m any  grow  slowly, m ature 
late, and  achieve o ld age w ith low  energetic 
investm ent in sexual reproduction  rela­
tive to  shallow -w ater organism s (Sanders 
1979). For e.xample, som e colonies o f the 
black coral Leiopathes glaberrirna are esti­
m ated  to  be 4000 years old (Roark et al. 
2006). Param uriceids are also very long 
lived; in  fact, som e specim ens from  sites 
affected by th e  M acondo blow out are 
over 500 years old (Prouty et al. 2014). 
Because o f the p resum ed lim ited  ener­
getic investm ent in  sexual reproduction , 
the rate o f  sexual recru itm ent shou ld  also 
be low  (Young C  2003). The Paramuricea 
species affected in  th e  spiU exhibited size- 
frequency d istribu tions th a t suggested 
very  low  rec ru itm en t rates, w ith  h igh  
m orta lity  o f  new  recru its (D oughty et al. 
2014). O ther ind irect evaluations sim ilarly 
indicate th a t sexual recru itm ent is low 
and  periodic  in deepw ater solitary corals 
(1 in  25 years; T hresher et al. 2011) and  
slow and  associated w ith h igh  m orta lity  
rates in  octocorals (Grigg 1988). T he lim ­
ited num ber o f  studies in  w hich a d irect 

m easurem ent o f  sexual recru itm en t rates w as conducted  
also show ed low  successful sexual recru itm ent in m any bu t 
no t aU deep-sea corals, hacharite and  M etaxas (2013) found  
h igh rates o f  recru itm ent for a b roadcast spaw ning octocoral 
{Primnoa resedaeformis), w hereas sexual recru itm ent rates for 
the b rooding  octocoral Paragorgia arborea were about a th o u ­
sandfold low er on experim ental settlem ent tiles deployed over 
a 4-year period. M ortality  rates o f  recent recru its were high, 
even for th e  species w ith h igher recru itm en t rates (hacharite 
and  M etaxas 2013).

Low sexual rec ru itm en t rates o f  deep-sea coral p o p u la ­
tio n s m ake these species vulnerab le  to  local extirpation  
w hen adult p opu la tions arc d im inished. E xternal sources 
o f larvae th en  becom e im p o rtan t in  th e  recovery  o f  locally 
devastated populations. The an tipa tharian  L. glaberrirna 
shows genetic d ifferentiation  betw een colonies offshore o f  
Louisiana an d  A labam a an d  sites fa rth e r southeast, o ff th e  
coast o f  so u the rn  F lorida and  to the west o f  the M ississippi 
Canyon, w hich  indicates lim its to  gene flow am ong  sites 
and, therefore, lim ited  po ten tia l fo r reco lonization  o f  locally 
affected sites from  o ther sources (R uiz-R am os et al. 2014). 
S trong dep th  zonation  is apparen t in  th e  overall com posi­
tion  o f  th e  octocoral com m unities o f  th e  deep G OM , w hich  
suggests th a t depth , ra th e r  th a n  d istance, is th e  m ost signifi­
can t factor affecting gene flow in th is  group (Q u attrin i et al.
2013). The largest know n P. biscaya popu la tions are fo u n d  at 
the deeper (2400-2600 m ) sites on  the n o rth e rn  en d  o f  th e  
Florida E scarpm ent (D oughty  et al. 2014), bu t gene flow to  
the shallow er (1300-1900 m ) im pact sites m ay be rare.
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A lthough it is im p o rtan t to  d e term ine  w hich  p opu la tions 
exchange m ig ran ts often enough  to  p reven t genetic d if­
ferentiation , one m u st also consider th e  n u m b er o f  larvae 
exchanged am ong  sites over th e  m ore ecologically relevant 
tim escale  o f  a few years (C ow en et al. 2006). A dvances 
in  coupled  biophysical d ispersal m odels have m ade such 
estim ates possib le (C ow en e t al. 2006). In  these m odels, 
partic les are endow ed w ith  certain  characteristics related  to  
th e  life h is to ry  o f  th e  species in question , such as spaw ning 
tim es, tim e  spen t in  th e  w ater colum n, vertical m igra tion  
behavior, and  th e  tim e to  reach ing  a suitable se ttlem ent 
substrate. By track ing  th e  dispersal o f  these partic les, the 
n u m b e r o f  larvae exchanged am ong sites can be co n stra ined  
at m ore ecologically relevant tim escales. Early resu lts in d i­
cate  th a t only  ten s o f  v irtu a l coral la rvae  successfully  
disperse betw een th e  V ioska KnoU an d  G arden B anks each 
year (Baum s e t al. 2014). The low  n u m b er o f  successfully 
d ispersing  particles, together w ith  p resum ed  h igh  postsettle- 
m cn t m orta lity  as observed  in  m o st deep-sea coral species, 
inc lud ing  P. biscaya (D oughty  e t al. 2014), is consistent 
w ith  low  connectiv ity  estim ates from  th e  genetic data for 
L. glaberrirna (R uiz-R am os et al. 2014).

Corals as deep sentinels.
T he n o rth e rn  G O M  region rem ains th e  largest o il-producing 
prov ince  in  th e  con tin en ta l U nited  States. D em an d  for 
dom estic oil is unlikely to  d im in ish  in  th e  foreseeable future, 
an d  exploration and  p rod u c tio n  w id con tinue in  deeper 
an d  deeper w aters as technology allows (USEIA 2014). At 
th e  sam e tim e, th e  G O M  is exposed to  o ther environm ental 
stressors, including h igh fish ing  pressure; ocean acidifica­
tion; and  ru n o ff  from  th e  M ississippi River th a t delivers 
excess nu trien ts, organic loading , and  o ther p o llu tan ts to  the 
region. D eep benthic ecosystem s m ay inevitably be  affected 
by these ongoing an th ropogenic activities, an d  colonial 
corals are p rov ing  to  be reliable indicators o f  b o th  m echan i­
cal d isturbance an d  w ater-borne toxicants in  th e  deep sea. 
O ctocorals—th e  taxa Calcaxonia, H olaxonia, and  Scleraxonia 
in p articu la r—have a m orphology  and  life h isto ry  th a t is well 
su ited  to  visual m on ito ring  program s. T hey are norm ally  
quite long lived (Prou ty  e t al. 2014) and  are covered w ith  p o l­
yps an d  living tissue over nearly  100% o f th e ir  skeleton. The 
slow grow th w ith an u p righ t and  often p lan ar grow th  form  
facilitates repeated  im aging an d  the detection  o f  changes in 
the colonies (Rising e t al. 2013). F urtherm ore, they derive 
food  and  exchange m etabolic gases across tissues directly 
exposed to  ep ibenthic water. As a result, these corals interact 
d irectly  w ith  toxicants dissolved in w ater o r inco rp o ra ted  in 
food  sources o r o ther particulates. Because th ey  are attached, 
dam aged, o r killed, colonies rem ain  in  place, p rov id ing  a 
reco rd  o f  deleterious im pact even if  th e  affecting agent does 
n o t deposit residues on th e  seafloor (Fisher et al. 2014). 
F urtherm ore, because colonial corals are largely lim ited  to  
carbonates and  hum an m ad e  structu res in  th e  deep GOM , 
th ey  are likely to  be p resen t in m ost o il-p roducing  regions 
(Fisher et al. 2007). C oral-m onito ring  sites th ro u g h o u t the

deep G O M  have the potential to  serve as th e  proverbial 
canaries in the coal m ine and  can provide critical data on th e  
health  o f  th e  G O M  benthos in  the com ing  years.
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Figure SI. Community dominance curves based on pooled habitat and year sampled for deep-sea coral sites 
and corresponding regions from the DeGOMB study (Wei et al. 20 7 0), zones 2E and 2W.
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Figure S2. Proportion o f polychaete families based on mean densities for habitat and year sampled for 
deep-sea coral sites and corresponding regions from the DeGOMB study (Wei etal. 2010), zones 2Eand 
2W.
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A ll tab les m oved  to  supplem entary m aterials

T able 1. A verage (±  1 S .D ) and  range in  to tal saturated  hydrocarbons (Total Sat H C , ng/kg) and  T otal P A H  concentrations 

(pg /k g ) from  sedim ent sam ples collected  in  2010 and  2011 from  th e  G OM . Top fraction (0-1 cm ) and  bo ttom  frac tion  (5-10 

cm ) o f  sedim ent cores. (Note: all data  w ere pulled  from  the N O A A  N R D A  w ebsite  12/09/2013)

D istance from  M acondo

Site

Total Sat H C  

0 - lc m  5-10 cm

T otal PA H  

0 - lc m  5-10 cm

M C 294-2010-M “ 13 17622 (5273) 1640 (499) 3815 (159) 262 (41)

13893-21351 1287-1993 3702-3927 232-292

M C 294-2010* 13 38943 (43931) 2452 (1636) 17867 (23914) 702 (482)

6601-88957 804-4076 276-45096 152-1050

M C 294-2011 13 19420 (13271) 1943 (352) 9674 (8618) 363 (60)

2966-36113 1362-2289 836-22637 290-450
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M C 297-2011 11289 (3826) 1380 (259) 3396 (1454) 263 (108)

5730-17833 1035-1766 1921-6274 166-448

M C 344-2010 22 7579 2952 1686 1438

M C 344-2011 22 5924 (1558) 4223 (2645) 3075 (875) 11385 (12358)

3959-7253 1906-6647 2203-4018 622-22546

M C I 18-2011 18 2941 (835) 4647 (3035) 3223 (2786) 9448 (10337)

1864-3831 1914-8088 743-6500 587-20377

M C 203-2011 28 2867 (708) 1559 (176) 1438 (445) 486 (178)

2366-3368 1435-1683 1123-1753 360-613

M C 036-2011 27 3083 (368) 2329 (1143) 1294 (108) 1728 (1490)

2737-3473 1414-3928 1138-1381 522-3727

VK 906-2011 37 381 (147) 614 (174) 114 (57) 188 (113)

176-511 509-814 40-176  79-305
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M C 507-2011 55 1273 (236) 1432 (325) 840 (137) 724 (123)

975-1506 1032-1760 682-977 594-868

V K 826-2011 58 638 (221) 532 - 227 (138) 39 -

482-795 130-325

A T 357-2011 183 4688 (455) 6812 (332) 2168 (160) 3013 (381)

4319-5217 6568-7096 1925-2433 2505-3471

“C ores w ere collected  adjacent to M adrepora sp. located  400  m  aw ay from  site repo rted  in  W liite e t al.

2012

*O ne core w as sliced  0-2 cm  and  w as averaged w ith  th e  o ther 0-1 cm  fractions.
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T able 2A . D ensity  and  diversity  o f  benth ic m acrofauna (O-iOcm) sam ples collected  n ear coral habitats in  2010 and  2011, D W H  

im pact zones fo r soft-sedim ents (M ontagna e t al. 2013), and  com m unity grouping zones for the G u lf  o f  M exico  soft-sedim ents 

(W ei e t al. 2010). V alues g iven  include num ber o f  sam ples included (N ), Shannon diversity  (H ') loge, P ielou 's evenness (J'), 

H ill's  Index (M1), m acrofaunal density (D ensity , indiv iduals m'^). M odified  Shannon diversity  (M od H ') and  evenness (M od .f) 

w ere  calculated  fo r coral habitats and D eG O M B  sam ples tha t included fam ily level identifica tion  only o f  Polychaeta, 

A m phipoda, Isopoda, and C um acea. V alues in  paren theses indicate the standard  error o f  the mean.

Location Habitat
Depth

(m)
N H' J' M Density N M odH ' Mod J'

Tills study

MC294-2010

Madrepora

MC294-2010

Coral 1373 3 2.24 (0.15) 0.76 (0.04) 9.59 (1.34) 24223 (1899) 3 2.17 (0.15) 0.75 (0.04)

Paramuricea

SI

Coral 1369 3 2.50 (0.19) 0.81 (0.04) 12.63 (2.49) 20116 (4983) 3 2.50 (0.19) 0.82 (0.04)

MC294-2010

Paramuricea

S2

Coral 1370 3 1.31 (0.06) 0.65 (0.04) 3.73 (0.21) 29173 (3285) 3 1.31 (0.06) 0.65 (0.04)
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MC294-2010

Paramuricea Coral 1373 4 2.15 (0.06) 0.85 (0.01) 8.61 (0.54) 12954 (1359) 4 2.14 (0.06) 0.85 (0.01)

S3

MC294-2011

Paramuricea Coral 1372 3 1.78 (0.02) 0.91 (0.04) 5.94 (0.15) 6319 (3495) 3 1.78 (0.02) 0.91 (0.04)

SI

MC294-2011

Paramuricea Coral 1372 3 2.22 (0.07) 0.83 (0.01) 9.20 (0.62) 14955 (2530) 3 2.14 (0.04) 0.83 (0.02)

S2

MC507-2011

Paramuricea
Coral 1043 3 2.52 (0.14) 0.85 (0.04) 12.71 (1.66) 20326 (1836) 3 2.42 (0.16) 0.83 (0.05)

AT3 57-2011 

Madrepora
Coral 1051 3 2.19 (0.02) 0.84 (0.01) 8.90 (0.22) 8741 (211) 3 2.09 (0.03) 0.84 (0.01)

AT3 57-2011 

Paramuricea
Coral 1048 3 2.71 (0.12) 0.91 (0.01) 15.24 (1.93) 13691 (862) 3 2.47 (0.12) 0.88 (0.01)

Montagna et al. 2013

Zone 1 Soft
1449-

1578
8 1.66 (0.21) 0.70 (0.05) 6.44 (1.47) 6244 (1171) - - - - -
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Zone 2 Soft
76-

1607
14 2.55 (0.07) 0.84 (0.01) 13.29 (0.80) 10530 (563) - - - - -

Zone 3 Soft
211-

1884
12 2.69 (0.11) 0.86 (0.01) 15.94 (1.40) 11221 (1380) - - - - -

Zone 4 Soft
493-

2767
16 2.65 (0.06) 0.88 (0.01) 14.79 (0.82) 7759 (1220) - - - - -

Zone 5 Soft
668-

2259
7 2.84 (0.16) 0.91 (0.01) 18.35 (2.26) 8979 (1899) - - - - -

Rowe and Kennicutt 2009, Wei et al 2010

Group 1 Soft
213-

1572
49 - - - - - - 8416 (1122) 5 2.09 (0.52) 0.55 (0.13)

Group 2E Soft
625-

1828
20 - - - - - - 3837 (211) 10 3.19 (0.04) 0.79 (0.01)

Group 2W Soft
863-

1620
60 - - - - - - 1710 (122) 4 3.25 (0.08) 0.82 (0.01)

Group 3E Soft
2275-

3314
40 - - - - - - 1207 (96) 12 2.80 (0.08) 0.82 (0.02)

Group 3W Soft 2042- 47 - - - - - - 884 (79) 8 2.70 (0.09) 0.85 (0.02)
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Group 4

3008

2954- 
Soft 45

3732
620 (94) 4 2.85 (0.09) 0.87 (0.03)

T able 2B. D ensity  and  diversity  o f  benth ic m eiofauna for 0 - ic m  sedim ents co llected  near coral habitats in 

2010. M eiofaim a w ere identified to m ajor taxa for ail sh id ies and includes m ean  abim dance (M eiofaim a 

D ensity , indiv iduals m '^), Sham ion diversity  (M eiofam ia IT), evem iess (M eiofam ia J'), and  the ratio  o f  

nem atodes to  copepods (N:C). V alues in  parentheses indicate  the standard erro r o f  the m ean.

Location Habitat
Depth

(m)
N

Density 

(0-1 cm)

H'

(0-lcm )

J'

(0-lcm )

N:C

(0-lcm )

M C 294-2010

M adrepora
C oral 1373 1 599052 - 0.56 - 0.31 - 7.30 -

M C 2 94-2010 

P aram uricea S3
C oral 1373 1 3006635 - 0.23 - 0.13 - 41.50 -

M C 294-2011 C oral 1372 3 859505 (82092) 0.78 (0.04) 0.37 (0.02) 3.57 (0.43)
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P aram uricea SI 

M C 294-2011 

P aram uricea S2
C oral 1372 3 744181 (66661) 0.95 (0.04) 0.40 (0.03) 2.63 (0.40)

M C 507-2011
C oral 1043 2 856714 (387520) 1.06 (0.03) 0.45 (0.03) 1.99 (0.46)

Param uricea

A T357-2011
C oral 1051 2 445024 (81359) 1.15 (0.03) 0.53 (0.05) 1.83 (0.11)

M adrepora

A T357-2011
C oral 1048 3 901211 (73559) 0.86 (0.03) 0.36 (0.01) 4.28 (0.50)

Param uricea
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T able 2C. D ensity  and  diversity  o f  benth ic m eiofauna for 0-3cm  sedim ents co llected  near coral habitats in 2 010 and 

2011 , D W H  im pact zones for soft-sedim ents (M ontagna e t al. 2013), and  corm nunity grouping zones fo r  the G u lf  o f  

M exico  soft-sedim ents (W ei e t al. 2010). M eiofauna w ere  identified  to m ajo r taxa  for a il studies and includes m ean 

abundance (M eiofauna D ensity , indiv iduals m '^). Shannon diversity  (M eiofauna H '), evenness (M eiofauna J'), and  the 

ratio  o f  nem atodes to copepods (N:C). V alues in parentheses indicate th e  standard  error o f  the mean.

Depth Density
Location Habitat

(m)
N

(0-3 cm)
H' J' N:C

This study

M C 294-2011 

Param uricea S i 

M C 294-2011 

Param uricea S2

C oral

C oral

1372

1372

3 1584097 (107421) 0.62 (0 .03) 0.26 (0 .01) 6.23 (0.91)

3 1408215 (215878) 0.83 (0 .01) 0.34 (0 .01) 3.89 (0.11)

M C 507-2011 

Param uricea
C oral 1043 2 2101896 (207741) 0.73 (0 .17) 0.31 (0 .09) 5.82 (2.83)

A T 357-2011

M adrepora
C oral 1051 2 951975 (75513) 0.83 (0 .11) 0.37 (0 .02) 4.72 (1.33)
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A T 357-2011

Param uricea
C oral 1048 3 1633597 (40580) 0.63 (0.05) 0.26 (0.02) 7.61 (0.92)

Montagna et al. 2013

1449-
Z one 1 Soft

1578
8 8254000 (2014113) 0.15 (0.02) 0.09 (0.02) 72.41 (13.12)

Z one 2 Soft 76-1607 14 8697929 (899486) 0.41 (0.04) 0.19 (0.02) 25.56 (3.45)

Z one 3 Soft 211-1884 12 5987000 (1108641) 0.60 (0.04) 0.27 (0.02) 14.63 (1.51)

Z one 4 Soft 493-2767 16 3243000 (546415) 0.78 (0.03) 0.35 (0.01) 9.06 (0.91)

Z one 5 Soft 668-2259 7 2225143 (573032) 0.89 (0.03) 0.40 (0.02) 5.60 (0.76)

Rowe and Kennicutt 2009, W ei et ai 2010

G roup 1 Soft 213-1572 9 4438667 (672114) - - - - - -

G roup 2E Soft 625-1828 8 5006500 (858334) - - - - - -

G roup 2W Soft 863-1620

2275-

8 2136000 (124163) - - - - - -

G roup 3E Soft
3314

8 1654625 (190555) ■ “ “ “ ■ “

G roup 3W Soft 2042- 9 1403444 (66098) - - - - - -

10
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G roup 4 Soft

3008

2954-
2 913500 (81500)

3732

11
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